are. known to be unaffected by the agrocin produced by strain 84 (16, 24, 32) . Although most workers (7, 15, 16, 24) ascribed biocontrol to the susceptibility of pathogens to agrocin 84, others (4, 18, 21) suggested saturation of woundbinding sites by the nonpathogen as the mechanism of control; no agrocin 84 has so far been detected in plant wounds when strain 84 was applied (25) . The fact that various instances of ineffective control of crown gall by strain 84 had also been reported (1, 10, 16, 17, 24, 28, 29) , in conjunction with the finding that numerous other agrocinproducing strains of Agrobacterium failed as biological control agents (9, 17, 23) , led Kerr and Panagopoulos (17) to conclude that there was no immediate prospect of replacing strain 84 should biological control by this strain break down.
The activity of the nucleotide agrocin of the biotype 2 strain 84 is theoretically restricted to pathogens harboring the nopaline Ti plasmid (8) . A recently isolated biotype 1 strain of A. tumefaciens, D286, which had spontaneously lost its pathogenicity (11) was also found to produce a nucleotide agrocin. Hendson et al. (11) speculated that D286 had an advantage over strain 84 because of agrocin activity against pathogens harboring either nopaline, agropine, or octopine Ti plasmids and because of a faster growth rate.
To evaluate strain D286 as an agent for biological control of crown gall, we compared it with strain 84 in a greenhouse experiment. The two strains were tested either separately or in combination against a large number of pathogens of A. * Corresponding author.
tumefaciens. The in vitro susceptibility of each pathogen to the agrocinogenic strains was determined to see whether tumor inhibition correlated with the agrocin susceptibility of the pathogens.
MATERIALS AND METHODS
In vitro susceptibility of pathogens. Sixty-five strains and isolates of A. tumefaciens of diverse origin were used (Table  1 ). Local isolates were tested for pathogenicity and biotyped (31) before being tested with other strains for susceptibility to agrocins produced by strains 84 and D286. Susceptibility tests were conducted on three media: Stonier medium (32) supplemented with 0.01 g of yeast extract and 200 p.g of biotin per liter; yeast mannitol agar (YMA) (7); and soil extract agar (SEA) (3) . The test method was that of Stonier (32) as modified by Kerr and Panagopoulos (17) . All cultures used in agrocin susceptibility tests or in vivo experiments on plants were cultivated on YMA slants for 48 h at 26°C.
In vivo tests on plants. The effect of an agrocinogenic strain on gall formation by each of the pathogens was determined on 3-to 4-week-old seedlings of tobacco (Nicotiana glutinosa) and datura (Datura stramonium) in 120-mmdiameter pots, each containing 0.725 kg of pasteurized soil. A total of 10,920 plants were used in 21 treatments comprising variations of three methods of application of the agrocinproducing strains. These treatments (see Tables 3 and 4) were the application to a 5-mm-long scalpel wound on a plant stem of (i) a pathogen and an agrocin producer at the same cell concentration but at different times, (ii) a pathogen and an agrocin producer at the same time but at cell ratios of 10:1, 3:1, 1:1, 1:3, and 1:10, and (iii) a pathogen and a fixed 1:1 combination of the two agrocin producers at the same time and at the same cell ratios of agrocin producers to pathogen as in ii. suspensions of pathogens and agrocin producers were applied at the same time, a drop of a suitable mixed suspension was used as inoculum. Each treatment was replicated four times. Inoculated seedlings were maintained for 48-h at a relative humidity R.H. of 100% at 27°C before they were randomized in a greenhouse at temperatures between 15 and 25°C. All plants were harvested after 30 days, and tumors were removed.
Plant mass divided by tumor mass was used to calculate an index for statistical analysis. Plant mass averaged 15 g, which meant that a tumor mass of ca. 0.15 g gave an index value of ca. 100. Because tumors of such small mass could not be removed accurately and were often indiscernible from wound callus, it was decided, for the purpose of the experiment, to consider index values of 100 or more as complete control. The transformation of index values for statistical analysis of variance required that a value of 99 instead of 100 be used as the index of complete control. A "tumor mass" value of 0.002 was used for the purpose of analysis when a plant had no tumors; when tumors were discernible but too small to remove accurately, a value of 0.004 was used. The results were subjected to analysis of variance; levels of significance in pairwise comparisons were determined by the Bonferroni test (26) . The value given for this test is the simultaneous significant P value of comparisons of all pairs of means. (Tables 2 and  3) . A combined cell suspension of strains 84 and D286 was as effective as 84 alone on both species and at all ratios of agrocin producer(s)-pathogen used, except for the 1:1 ratio on tobacco, for which the combined cell suspension was better, and the 1:10 ratio on tobacco, for which 84 was better. Strain D286 was less effective than the combined 84-D286 cell suspension on either of the plants when applied at ratios of 3:1, 1:1, and 1:3. The reactions of some strains on tobacco and datura differed from the overall pattern described; they were more susceptible to D286 or a mixture of 84 and D286 than to 84 alone.
RESULTS

Marked differences in the in
The overall pattern of inhibition of tumor formation by biotype 1 and 2 pathogens that were resistant to the agrocinogenic strains on all three test media was remarkably similar to that obtained with pathogens that were susceptible in vitro (Table 4) . Whether a slight tendency towards more effective inhibition of tumor formation by pathogens sensitive to the agrocin producers in vitro (Table 4) was significant is a matter of conjecture.
DISCUSSION
Contrary to the extensively studied agrocin-producing strain 84, no information was available on the suitability of the promising strain D286 (11) as an agent for biological control of crown gall. The 65 pathogens of A. tumefaciens used in this study to compare the ability of the two strains to prevent gall formation comprised strains and isolates of diverse origin, representing each of the known biotypes and large enough to justify deductions on overall effects and traits. Most important were (i) the marked effect that medium composition had on the in vitro expression of susceptibility by biotype 1 and 2 pathogens to each of the agrocin producers (11, 25, 30, 31) , (ii) the overall superiority of strain 16 .38k a The closer the index is to 100, the better was the control of tumor formation. Numbers followed by the same letter(s) did not differ significantly (P = 0.001). 19 .55h " The closer the index is to 100, the better was the control of tumor formation. Numbers followed by the same letter(s) did not differ significantly (P = 0.001).
84 in vivo when coinoculated with pathogens at cell ratios (agrocin producer to pathogen) of 3:1, 1:1, and 1:10, (iii) the lack of a discernible synergistic effect above the reaction obtained with 84 alone when 84 and D286 were concomitantly applied to plants, (iv) the lack of marked host plant effects, and (v) indications that agrocin involvement was not the major cause of tumor inhibition by the agrocinogenic strains (Table 4) .
It is widely accepted that strain 84 prevents crown gall formation on plants by means of its agrocin 84 (16, 23, 25) rather than by physically excluding the pathogen by blocking infection sites (16, 34) . Evidence that both these mechanisms play a role has been provided by Cooksey and Moore (4) . They found that a strain 84 Agr-mutant was effective in reducing infection of an agrocin 84-susceptible strain of A. tumefaciens when applied 24 h before the pathogen but, contrary to the wild-type 84, ineffective when coinoculated with the pathogen; both wild-type and mutant reduced infection by an agrocin-resistant strain when applied 24 h before the pathogen. Our statistical evidence on the overall effects of strains 84 and D286 on biotype 1 and 2 pathogens in vivo seems to support the blockage-of-infection-site hypothesis (19, 34) , as agrocin-susceptible and -resistant strains (in vitro) generally responded alike (Table 4) . However, this investigation was not aimed at studying the mechanism of control by agrocinogenic strains, and the interpretation of the data in this regard should be done with caution. For example, it seems probable that the relatively large number of cells of the agrocinogenic strains applied to wounds could have saturated infection sites immediately, masking possible agrocin effects. Second, the validity of the assumption that a pathogen was resistant on the basis of a negative reaction on the three media used may be questioned, considering the marked effects that medium composition had in demonstrating the susceptibility of a pathogen to an agrocinogenic strain in vitro. Third, the noticeable tendency, especially by strain D286, to prevent tumor for- Differences in the spectra of strains susceptible to the agrocins of strain 84 or D286 (11) were confirmed by their in vitro reactions on the three media. Most biotype 2 pathogens were resistant to strain D286; strain 84 was effective against the biotype 2 pathogens, but contrary to results of Kerr (14) , an appreciable number also appeared to be unaffected. As expected, biotype 3 pathogens were resistant to agrocins produced by either strain (17, 31) .
